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The pr imary o b j e c t i v e  o f  t h i s  e f f o r t  was t o  design, f ab r i ca te ,  and 
evaluate by empi r i ca l  analys is  a Composite Bulkhead produced by a 
f a b r i c a t i o n  concept u t i l i z i n g  vacuum and/or autoclave pressure t o  
ho ld  preformed (welded) sandwich elements i n  p lace  dur ing  bonding 
and aging. This  o b j e c t i v e  was success fu l l y  achieved. 
The work included a minimum o f  design f o r  the 105-inch diameter 
Composite Bulkhead f o r  the purpose o f  approaching space f l i g h t  type 
hardware upon which the  p r i n c i p a l  o b j e c t i v e  (eva lua t ion  o f  dimensional 
behavior)  cou ld  be accompl ished. Accordingly,  the bulkhead was dc- 
s igned and fab r i ca ted  from 2219 aluminum a l l o y  sk ins chem-milled on 
one s ide  on ly  t o  a .060 inch thickness except i n  the  weld land areas 
where they remained a nominal .090 inch thickness. The ou ter  s k i n  
was assembled by welding e igh t  (8) stretch-formed and chemical ly- 
m i l l e d  gore segments in to  a welded s k i n  assembly s l i g h t l y  smal ler  
than the  concave bonding and aging tool. 
F ina l  form was f i x e d  i n  the  approved concave forming and aging tool 
by age forming the ou ter  s k i n  under vacuum and 60 P S l G  autoc lave 
pressure a t  325°F. f o r  16 hours. 
ness HRP (heat r e s i s t a n t  phenol ic)  was bonded to t h e  ou ter  s k i n  w i t h  
Bloomingdale HT-424 Adhesive f i l m  cured a t  325°F. f o r  one hour a t  30 
P S l G  autoclave pressure. The inner s k i n  was f i n a l  formed against  the  
core a t  60 P S l G  autoclave pressure f o r  16 hours a t  325OF. and then 
bonded t o  the core  w i t h  HT-424 Adhesive f o r  a one-hour cure per iod.  
NOTE: No core machining opera t ion  was requ i red  o r  performed. 
A honeycomb core o f  one-inch t h i c k -  
Add i t i ona l  cure  and aging time o f  6 3/4 hours was appl ied  to  the  inner 
s k i n  and assembly t o  approach the  des i red minimum inner s k i n  aging t ime 
o f  24 hours t o  p rov ide  maximum cor ros ion  res is tance t o  the a l l o y .  
Measurements o f  the  welded sk in  assemblies were taken i n  the  f r e e  s ta te ,  
under vacuum, a f t e r  aging, and a f t e r  bonding i n t o  an assembly and were 
compared w i t h  the  i ns ide  contour o f  t he  concave bonding and aging t o o l  
as the  dimensional base. 
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The concave bonding and aging t o o l  made from g lass f i b e r  r e i n f o r c e d  
epoxy p l a s t i c  no t  o n l y  wi thstood t h e  vacuum and autoclave pressures a t  
temperatures bu t  a l s o  proved t o  have r e l a t i v e l y  the same l i n e a r  c o e f f i -  
c i e n t  of  expansion o f  12.5 X IOm6 in. / in. / "F.  as the  2219 Aluminum a l l o y  
sk ins when heated t o  approximately 344°F. An aging growth allowance o f  
.OOl i n . / i n .  f o r  t h e  2219 aluminum a l l o y  was the  on ly  compensation made 
i n  t h e  P l a s t e r  Masters used to  e s t a b l i s h  dimensions, t o o l  contours, and 
adaptat ion f o r  welding. 
Two bulkheads were fabr icated,  measured, rad iograph ica l l y  and v i s u a l l y  
inspected, and c o i n  tap tested. One bulkhead was d e s t r u c t i v e l y  tested 
by d e s t r u c t i v e  separat ion of the s k i n  f r a n  t h e  core. 
was d e l i v e r e d  t o  MSFC i n  t h e  concave bonding and aging tool. 
T k  o ther  bulkhead 
Although t h e  de l i vered  bulkhead was not requi red t o  possess ac tua l  dimen- 
s ions w i t h i n  working tolerances o f  the  bulkhead design dimensions, i n  most 
cases i t  met normal tolerances except for t r i m  allowances. No machining 
o f  the  core was requi red t o  achieve proper f i t .  
It appears feas ib le  t o  produce large-scale composite bulkheads whose actual  
dimensions w i l l  meet product ion to lerance requirements i f  t h e  techniques, 
conclusions, recommendations, and technica l  data obtained from t h i s  e f f o r t  
a re  p r o p e r l y  u t i l i z e d  by t h e  personnel designing o r  f a b r i c a t i n g  the  la rger -  
sca le  bulkheads, 
The aluminum a l l o y ,  2219, or other  comparable age formable sk ins should be 
used w i t h  a honeycomb core o f  s u f f i c i e n t  s t r e n g t h  t o  wi thstand the minimum 
of 60 P S I G  pressure requi red f o r  age form f i n a l  contour ing o f  the sk ins.  
The sk ins  should be simultaneously age form contoured ( w i t h  dummy t h i c k -  
nesses t o  represent the  core and/or the adhesive th ickness) i n  order t o  
reduce the  t ime a t  temperatures o f  325°F. imposed upon t h e  core. 
The bulkhead design should a l low for bulge (water pressure) forming* t h e  
s k i n  segments. The trimmed outer s k i n  s h e l l  a f t e r  welding should e i t h e r  
omit  a d e f i n i t e  s k i r t  area or  t h e  s k i r t  area shape should p rov ide  f o r  the 
f u n c t i o n  o f  d r a f t  angles s i m i l a r  to  those used on fo rg ings  i n  order t o  
permi t  f u l l  e n t r y  and removal o f  t h e  s h e l l  or bulkhead from t h e  concave 
forming and aging t o o l .  
Poss ib le  s e l e c t i o n  o f  f i n e  gra in  T4 c o n d i t i o n  o r  annealed m a t e r i a l  as t h e  
s t a r t i n g  c o n d i t i o n  may be advisable t o  avoid non-uniform o r  excessive g r a i n  
growth i f  sk ins  cannot be preformed from T37 c o n d i t i o n  m a t e r i a l .  Close ' 
to le rance coord ina t ion  of  t o o l i n g  and s u i t a b l e  weld land design w i l l  be 
+cor o ther  equal l y  sa t  is fac-  
t o r y  method o f  preforming 
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requi red t o  assure proper weld land widths a f t b r  f i n a l  t r i m  o f  segments 
fo r  welding. Care i n  removing weld beads adjacent t o  the core  i s  neces- 
sary f o r  maximum bond st rength.  
It appears t h a t  t h e  perennia l  problem of sk in - to -core  mismatch nod plagu- 
ing indus t ry  e f f o r t s  on composite s t r u c t u r e s  was overcome i n  t h i s  instance 
and the  f i nd ings  and techniques from t h i s  e f f o r t  a re  o f f e r e d  i n  b e h a l f - o f  
f u tu re  Composite Bulkhead Fabr ica t ion  Development e f f o r t s .  
Although t h i s  e f f o r t  concerned 2219 aluminu4 a1 loy,  Boeing exper ience 
w i t h  6A14V t i t a n i u m  a l l o y  ind icates t h a t  i t s  age formable c h a r a c t e r i s t i c s  
would be adaptable t o  a s i m i l a r  f a b r i c a t i o n  concept f o r  composite s t ruc -  
tu res  by u t i l i z i n g  h igher  age forming temperatures and appropr ia te  too l s .  
Confidence i n  t h e  p o t e n t i a l  success o f  such a fu tu re  e f f o r t  i s  s u f f i c i e n t  
t o  propose t h a t  f u t u r e  components incorporate bo th  upper and lower bu l k -  
head segments and t h e  c y l i n d r i c a l  s ide  s k i n  i n t o  a s i n g l e  "canoe'l shaped 
composite s t ruc tu re .  
I 1 
The Boeing Company i s  in terested i n  any f u t u r e  e f f o r t s  toward extending 
the '  s ta te -o f - the-ar t  on composite s t ruc tu res .  
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This  techn ica l  repor t  covers the  work performed from March 26, 1965, 
through November 24, 1965, under George C. Marshal l  Space F l i g h t  
Center Contract  NAS 8-11900 dated March 25, 1965. 
This cont rac t  was conducted by The Boeing Company, M i l i t a r y  A i rp lane 
D i v i s  ion, W i ch  i t a  6 ranch: 
The work was performed under the  d i r e c t i o n  o f  A. V i r g i l  Gerstner 
(Manager), R .  E .  Layton (Un i t  Chief ,  Tool ing-Metalworking-Metal lu rgy) ,  
and H. 0. Meserve, Jr .  (Unit Chief ,  Chemistry Un i t )  o f  the  Manufacturing 
Development Sect ion,  by Raymond F. Cox, P r o j e c t  Engineer. 
The con t rac t  was i n i t i a t e d  by Program R&D Branch of Marshal l  Space 
F l i g h t  Center and was administered by L loyd  Bowers, Technical Repre- 
senta t ive ,  and Charles I rv ine,  Technical Representat ive. -  I n d u s t r i a l  
Support Branch, Manufacturing Engineering Laboratory.  
! 
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SCOPE OF WORK 
Contract  NAS 8-11900 was i n i t i a t e d  t o  produce and evaluate a Composite Bulkhead 
u t i l i z i n g  a f a b r i c a t i o n  concept which uses vacuum and/or autoclave pressure t o  
ho ld  preformed sandwich elements in  p lace  du r ing  age forming and adhesive 
bond i ng . 
The work included a minimum of design (Fig.  1 )  f o r  t h e  Composite Bulkhead t o  
p rov ide  the  hardware upon which the  p r i n c i p a l  o b j e c t i v e  (eva lua t ion  of dimen- 
s iona l  behavior)  cou ld  be accomplished. 
Included i n  the  Scope was the design and f a b r i c a t i o n  o f  a concave forming and 
aging t o o l  i n  which the  2219-T37 aluminum a l l o y  sandwich face sheets could be 
f i n a l  s ized dur ing aging t o  the  T87 cond i t i on .  The t o o l  was t o  be o f  s u f f i -  
c i e n t  s t reng th  and s t a b i l i t y  t o  w i ths tand vacuum and autoc lave pressures a t  
temperatures requ i red  dur ing aging o f  the  face  sheets and subsequent adhesive 
bonding cure cyc les.  
The work f u r t h e r  included f a b r i c a t i o n  o f  associated t o o l i n g  requ i red  t o  produce 
the  d e t a i l  p a r t s  along w i t h  the  assembly o f  such p a r t s  i n t o  the  Composite Bulk- 
i head Assembly. > 
? 
Fur ther ,  the  e f f o r t  included the eva lua t i on  o f  the  completed assembly through 
emp i r i ca l  analys is ,  radiographic inspect ion,  d e s t r u c t i v e  and v i s u a l  inspect ion.  
REV SYM: 
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WORK PERFORMED 
I n t r o d u c t i o n  
The Boeing Company was requested to  f u r n i s h  t h e  necessary personnel ,  f a c i l i t i e s ,  
equipment, and ma te r ia l s  for. the purpose o f  empi r i ca l  ana lys is  and eva lua t i on  
o f  a Composite Bulkhead f a b r i c a t i o n  concept which u t i l i z e s  vacuum and/or auto- 
c lave  pressure t o  ho ld  preformed (welded) sandwich elements i n  p lace  dur ing  
bonding and ag ing. 
Previous background exper ience al lowed Boeing t o  r e a d i l y  subscr ibe t o  the  
b o s s i b l e  advantages o f  t h e  proposed f a b r i c a t i o n  concept. 
t r u e  where the  f i n a l  forming and aging o f  the welded face sheet i s  performed 
under t e n s i l e  s t ress  s i m i l a r  t o  age forming. 
aging, weld s t ress  r e l i e f ,  and bonding operat ions would minimize f i n a l  dimen- 
s iona l  d i s t o r t i o n  and permi t  c loser  dimensional c o n t r o l .  
The t o o l i n g  concept employed a p l a s t e r  master as the  means o f  t r a n s f e r r i n g  
the  drawing dimensions t o  hardware. Splashes w i t h  appropr ia te  a1 lowances fo r  
bulkhead component th icknesses were used t o  t r a n s f e r  d e t a i l  p a r t  contours f o r  
t o o l  ing. 
The exact dimensions o f  the "concave forming and aging t o o l l ' w e r e  used as t h e  
dimension base f o r  comparative measurements under vacuum and i n  the  f r e e  s ta te .  
The s k i n  gore segments were pre-formed by s t r e t c h  forming in  the  .090" th i ck -  
ness and subsequently chemical ly m i l l e d  t o  remove .030" mate r ia l  t o  c rea te  sk ins 
( face  sheets) o f  .060lt thickness and having weld lands o f  .OgO' l  th ickness. 
This  was p a r t i c u l a r l y  
It was f e l t  t h a t  the  combinat ion 
~ 
TI_ lilt: - 
f o r  welding. F ina l  t r i m  occurred on the weld f i x t u r e ,  Figures 3 ,  17, and 18. 
Tungsten I n e r t  Gas welding of the s k i n  gores i n t o  a s h e l l  was accomplished 
w i t h  an automatic h e l i a r c  w i r e  fed welder adapted t o  f o l l o w  a pa th  d i c t a t e d  
by  t h e  curva ture  o f  the  s k i n  and c o n t r o l l e d  by a weld f i x t u r e  noted above. 
segmefits ~v'e:e rough trimmed 2nd s ! i g h t l y  chemically etched i n  prepara t ion  
Radiographic inspec t ion  o f  t he  welds was conducted and de fec ts  repa i red  as 
necessary. 
The welded inner and ou te r  face sheets, each cons is t i ng  o f  e i g h t  s o l u t i o n  heat 
t r e a t e d  2219-T37 aluminum a l l o y  go re  segments s t r e t c h  formed s l i g h t l y  under- 
s i z e  w i t h  respect to  the  "concave forming and aging t o o l "  were trimmed t o  
remove the  weld bead from t h e  surface adjacent t o  the  core.  
sheet was mounted i n  the  'Iconcave forming and aging" t o o l  and p a r t i a l l y  aged 
in  an autoclave t o  ' s e t '  t he  contour under pressure and heat a f t e r  which 
d i s t o r t i o n  was checked i n  r e l a t i o n s h i p  o f  face sheet to  t o o l .  
The ou ter  fac ing  
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Pre-formed 1 "  thickness HRP honeycomb core was a p p l i e d  i n  sect ions,  assembled, 
trimmed, and temporar i l y  removed t o  permi t  re-c leaning and r e - i n s t a l l a t i o n  of 
the outer  face sheet. HT-424 Adhesive (American Cyanamid) was app l ied  t o  t h e  
face sheet and the  p r e v i o u s l y  prepared HRP Core was p o s i t i o n e d  on the adhesive 
surfaced face sheet. The Autoclave was used t o  app ly  pressure and heat t o  
bond the outer  core t o  the  face sheet w h i l e  the  face sheet was he ld  i n  i n t i -  
mate contact  w i t h  the "concave forming and aging" t o o l .  
NO. NAS 8-1 1900 
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The inner face sheet was mounted against  the bonded HRP Core and again the  t o o l  
was placed i n  an autoclave where the inner face sheet was p a r t i a l l y  aged t o  
"set"  the contour under pressure and heat. A f t e r  c leaning, HT-424 Adhesive was 
a p p l i e d  t o  the inner face sheet p r i o r  t o  p o s i t i o n i n g  i t  a g a i n s t , t h e  p r e v i o u s l y  
bonded HRP Core. Autoclave pressure was again used t o  p rov ide  heat and pres- 
sure f o r  cure o f  the  adhesive wh i le  the p r e v i o u s l y  bonded core-face-sheet sub- 
assembly was he ld i n  i n t i m a t e  contact  w i t h  the  "concave forming and aging" 
t o o l .  
Dimensional, radiographic,  and v isua l  ana lys is  o f  both assemblies along w i t h  
d e s t r u c t i v e  t e s t i n g  o f  one assembly was accomplished. 
complished upon both assemblies. 
"Coin Tapping" was ac- 
Oesiqn o f  Bulkhead 
I n  accordance w i t h  A r t i c l e  11.3.n. o f  the RFQ, a minimum o f  design was requ l red-  
t o  be developed as the  p r i n c i p a l  o b j e c t i v e  was the  e v a l u a t i o n  of  the concept of  
dimensional behavior. Face sheet weld land areas were designed t o  mainta in  a 
s t r e n g t h  l e v e l  equiva lent  t o  the parent s k i n  metal s t rength.  The land areas 
were provided on one s i d e  o f  the face sheets o n l y  (away from the core- to-sk in  
i n t e r f a c e ) .  (See F ig.  1 ) .  
For purpose of economy, i t  was determined t o  u t i l i z e  chemical m i l l i n g  t o  remove 
t h e  .O3O inch mater ia l  o u t l i n e d  by the weld lands, and the taper from the weld 
land t o  the  .060 inch s k i n  thickness was a l t e r e d  t o  a l l o w  t h e  chemical ly m i l l e d  
depth o f  .030 inch t o  r e s u l t  i n  a .030 inch rad ius a t  the  weld land base. 
Desiqn and Fabr ica t ion  o f  Tools 
A l l  t o o l i n g  and f i x t u r e s  employed i n  f a b r i c a t i o n  f o r  t h i s  s tudy u t i l i z e d  
m a t e r i a l s  and approaches intended t o  minimize cost  i n  conformance w i t h  A r t i c l e  
I I .  3.p. of the  RFQ. I n  the case o f  the basic P l a s t e r  Masters, they were fab- 
r i c a t e d  t o  permit  mult i -purpose operat ions progress ive ly  throughout the program. 
The "concave forming and aging" t o o l  was the o n l y  t o o l  f o r  which a t o o l  design 
drawing was required. (See Figure 2) However, f o r  c o n t r o l  and c o n t i n u i t y  
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o f  purpose, des ign drawings were p repared . fo r  the  p l a s t e r  masters and t h e i r  
subsequent adaptat ion as welding j i g s .  
were no t  included i n  repo r t ,  The balance o f  the  too l s  t h a t  referenced from 
the  P las te r  Masters were fabr ica ted  from w r i t t e n  p lanning ! i n s t r u c t i o n s .  
Therefore, t h e  Engineering Master Layout (developed from bas ic  contour 
formulae, F ig .  27) was converted d i r e c t l y  t o  sweep template c o n t r o l l e d  
p l a s t e r  Masters from which splashes and ma te r ia l  th ickness allowances were 
t rans fer red  from the p l a s t e r  Master (PM) t o  c o n t r o l  the  des i red  p a r t  o r  
assembly dimensions. 
(See F ig .  3.) Othet drawings used 
P l a s t e r  Masters -- 
Accord ing ly  the  t o o l i n g  phase began w i t h  t he  p lanning and f a b r i c a t i o n  o f  two 
P l a s t e r  Masters. The ( X )  I n  the t o o l  code ind ica tes  experimental, (PM) P l a s t e r  
Master, and the  number preceding t h e  t o o l  code separates t o o l s  o f  l i k e  code. 
One P las te r  Master, lXPM-MRGT-SK7178, was fabr ica ted  t o  represent the inner 
sur face o f  the "Concave Forming and Aging Tool" . (F ig .  8, F ig .  9, Fig.  IO). 
A female p l a s t e r  splash was removed from the  P las te r  Master, F ig .  10. A 
male p l a s t e r  splash was removed from the female spash, F ig .  11 ,  f o r  use i n  
f a b r i c a t i o n  o f  t h e  I1Concave Forming and Aging Tool"  (Fig. 16). 
A f te r  the  above splashes were removed from the  P l a s t e r  Master, the 'IPM" sur face 
represent ing the  inner sur face o f  t h e  "Concave Forming and Aging Tool"  was 
removed by ch ipp ing  away the sur face ma te r ia l .  
The chipped area was refaced w i t h  a new sur face represent ing the  inner face 
o f  the ou ter  s k i n  t o  prepare the P l a s t e r  Master f o r  i t s  f i n a l  f unc t i on  as a 
welding f i x t u r e  f o r  t h e  ou ter  sk in  - MRIT-SK7176-I, F ig .  3 ,  17, E 19. The 
second P las te r  Master (2XPM-MRET-SK7178) was fab r i ca ted  to represent the inner 
sur face of the inner s k i n  i n  the same manner as the  f i r s t  PM. 
See F iq .  27 f o r  contour formulae used f o r  f a b r i c a t i o n  o f  Sweep Templates used 
aces. t o  c rea te  P las te r  Master sur  
In  conformance w i t h  A r t i c l e  
Masters were adapted as weld 
t i o n s .  (Fig. 17, Fig.  18, F 
S t r e t c h  Form Tools -0 
I .3,p. o f  t he  RFQ (Cost Min imizat ion) ,  the P l a s t e r  
ng j i g s  f o r  t he  s k i n  gore sec t i on  j o i n i n g  opera- 
9. 19.) 
P l a s t e r  splashes were removed from P l a s t e r  Master surfaces represent ing the 
inner  sur face o f  both the inner and ou te r  sk ins.  Using these p l a s t e r  splashes 
w i t h  which t o  t r a n s f e r  the  appropr ia te contour surface, s t r e t c h  form t o o l s  were 
completed (Fig.  I3 6 Fig.  14). 
It was determined e a r l y  i n  t h e  program t h a t  t he  chemical m i l l i n g  approach would 
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be used t o  c rea te  the weld lands, This  r e s u l t e d  i n  a l l o w i n g  s t r e t c h  form- 
ing o f  the inner sk ins as opposed t o  the o r i g i n a l l y  considered bulge (water) 
forming, 
surface o f  the  sk ins t o  bear against  the t o o l  contour. 
Forming p r i o r  t o  chemical m i  1 1  ing permi t ted a smooth c o n t r o l  l e d  
Chemical M i l l i n q  Templates, Trim Tools, and Core Forminq Tool -- 
P l a s t e r  splashes were made f r o m  the appropr ia te  surface o f  the  P l a s t e r  Mas- 
t e r  and used t o  f a b r i c a t e  the outer and inner s k i n  Chemical M i l l i n g  Templates, 
the  outer  and inner s k i n  Trim Tools, and t h e  Female Core Forming Tool. 
I n  the  instance o f  t h e  chemical m i l l i n g  templates and t h e  Trimming Tools, no 
at tempt was made t o  p e r f e c t  t h e  coord inat ion between them and they were some- 
what lack ing  i n  t h a t  f i n a l  t r i m  o f  t h e  Polar  Cap opening r e s u l t e d  i n  narrow 
weld lands. Dimensionai behavior and s t r u c t u r a l  i n t e g r i t y  o f  t h e  bonded assem- 
b l y  as r e l a t e d  t o  the f a b r i c a t i o n  concept be ing the pr imary ob jec t ive ,  i t  was 
deemed uneconomical t o  develop c loser  to lerance c o n t r o l  o f  t o o l s  not  d i r e c t l y  
r e s u l t i n g  i n  b e n e f i c i a l  informat ion.  Skins f o r  both bulkheads, therefore,  
had s i m i l a r  weld lands. I t  should be noted, however, t h a t  weld land design 
and t o o l i n g  must be coordinated to  assure minimum weld land w i d t h  a f t e r  f i n a l  
t r i m .  
A minimum concept forming t o o l  was f a b r i c a t e d  w i t h  which t o  pre-form the  HRP 
Honeycomb Core i n t o  8 gore shaped sect ions.  
Hi-Temperature Epoxy Resin impregnated g l a s s f i b e r  - the  same as t h e  "Concave 
Forming and Aging Tool". 
The t o o l  was made of laminated 
Concave Forminq and Aqinq Tool -- 
See Desicjn Drawing XBAJ-MRGT-SK7178 - Bonding J i g  - Composite Bulkhead (Fig. 2 
and Fig.  15) f o r  d e t a i l  information. 
See F ig .  16 f o r  photograph o f  completed t o o l .  
Fabr icat ion of Detai 1 Parts  
The outer  and inner s k i n  gore sections were s t r e t c h  formed t o  contour on a 
Huf fo rd  A-46 S t r e t c h  Press. D i f f i c u l t i e s  were encountered dur ing  i n i t i a l  
s t r e t c h  forming attempts. 
s t r e t c h i n g  t h e  2219 aluminum a l l o y  i n  t h e  T37 cond i t ion .  Successful form- 
i n g  was, however, accomplished w i th  2219-T37 aluminum a l l o y  r e - s o l u t i o n  heat 
t r e a t e d  a t  995OF. +lO°F. f o r  a m in imum o f  35 minutes and subsequently water 
quenched. I n i t i a l  e f f o r t s  were accomplished upon 2219-T37 m a t e r i a l  on hand 
p r i o r  t o  r e c e i p t  o f  p r o j e c t  mater ia l  from t h e  m i l l .  
appeared on the s o l u t i o n  heat t reated-st re tch formed mater ia l .  
The required contour could not  be obtained by 
Evidence o f  g r a i n  growth 
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A d iscuss ion (Telecon) w i t h  M r .  Bob Adamo, o f  the Reynolds Metals McCook P lan t ,  
resu l ted  i n  h i s  expressed opin ion t h a t  s o l u t i o n  heat t rea ted  2219 annealed o r  
2219-T37 (subsequently s t r e t c h  formed) (a1 though poss ib l y  exper iencing minor 
g r a i n  growth) would no t  present a major problem. 
In cons idera t ion  o f  our  experience and h i s  op in ion ,  an attempt was made t o  
change our Purchase Order from 2219-T37 t o  2219-T31. However, the  m i l l  was 
too  fa r  along i n  the  produc t ion  o f  t he  p r o j e c t  ma te r ia l  t o  make such a change. 
Due t o  the  i n t e n t  o f  t h i s  p ro jec t  t o  check the  dimensional behavior o f  the 
concept, agreement was obta ined from MSFC t o  proceed w i t h  s o l u t i o n  heat t r e a t -  
ment o f  2219-T37 aluminum a l l o y .  Cer ta in  'orange p e e l '  appearance occurred 
a f t e r  s t r e t c h  forming. 
representa t ive  o f  t h i s  c o n d i t i o n  ind ica tes  t h a t  the l a r g e  g ra ins  were produced 
as a r e s u l t  o f  c r i t i c a l  deformation (co ld  reduc t ion  o f  s k i n  th ickness a t  t he  
m i l  1)  and re -so lu t i on  heat treatment. 
e l im ina ted  t h i s  c o n d i t i o n  would have been t o  purchase the  f i n e r  gra ined 2219-#' 
f - 4  or  annealed m a t e r i a l  (Fig. 5). 
Laboratory ana lys is  o f  a sec t i on  removed from an area 
It appears t h a t  the  best way t o  have 
Tens i l e  t e s t  specimens were removed from a s k i n  gore sec t i on  t h a t  was s o l u t i o n  
heat t reated,  s t r e t c h  formed along w i t h  the  gores f o r  the  Bulkhead and subse- 
quen t l y  aged f o r  24 hours a t  325°F. 510°F. (F ig .4) .  
A f t e r  s t r e t c h  forming the s k i n  gore sect ions,  they were rough trimmed i n  pre- 
p a r a t i o n  fo r  chemical m i l l i n g  of the gores t o  c rea te  an .060" t h i c k  s k i n  w i t h  
weld lands around t h e  gore per iphery of .O9O inch t h i c k .  
A coa t ing  of  Chemical M i l l  Maskant (Turco #504 - Turco Products, Inc. ,  Wilmington, 
C a l i f o r n i a )  ,008-.010 inch t h i c k  was app l ied  t o  each gore sect ion,  by d ipp ing.  
The area t o  be etched was unmasked and the  gores inserted In  Tnrco Etchant 138 
f o r  complet ion o f  the  chemical m i l l i n g .  The gores, r i nsed  and dr ied ,  were ready 
f o r  f i n a l  trimming. 
Tr im J igs,  fabr ica ted  t o  t r a n s f e r  t r i m  l i n e s  from the  P l a s t e r  Masters t o  t h e  
gore sect ions,  were found t o  be inadequate in  to le rance c o n t r o l .  Due t o  the  
l i m i t e d  number of p a r t s  involved and t o  the  nature o f  the study, the t r i m  j i g s  
were used on ly  t o  t r i m  the gores s l i g h t l y  overs ize  on the  edges t o  be welded 
and ne t  a t  the  p o l a r  cap and s k i r t  edges. F ina l  t r i m  o f  t h e  edges t o  be welded 
was accomplished w i t h  the  t r a v e l i n g  head of  t h e  weld adapter o f  t h e  appropr ia te  
P l a s t e r  Master. 
Hand Router i n  p lace  of  t he  Welding Torch. (Fig.  17, Fig. 18, Fig.  19.) 
This  was accomplished by s u b s t i t u t i n g  a 1/4 inch Quackenbush 
The edges t o  be welded were trimmed v i a  t h i s  method to  tolerances p rov id ing  
a maximum edge gap between gore sect ions (before welding) o f  .030 inch. 
i n  i s o l a t e d  areas d i d  the  gap exceed .030 inch and when t h i s  occurred weld 
Only 
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problems were encountered. 
Although a production article would be expected to use closely developed trim 
tools and consequently receive precision trim lines, developmental trimning 
indicates that both the inner and outer skin should be fabricated with excess 
material at both the Polar Cap and the Skirt areas to allow for final trimming. 
This was evidenced by narrow weld lands occurring after trim of these areas. 
See "Bulkhead 'lielding". 
Also, a contributing 
skin with relationsh 
the inner skin into 
the "Aging and Adhes 
factor was the problem of precision location of the inner 
p to the outer skin especially during final insertion of 
ts seat against the HRP Core. More about this item in 
ve Bond i ng Sect ion". i f 
Bu 1 khead We1 d i ng 
it was emphasized in the early stages that the purpose of this project was to 
prove the feasibility of composite structure for a simulated bulkhead; not to 
re-investigate process parameters for welding 2219 aluminum nor to evaluate 
"hard" tooling versus "soft" tooling for weld fixturing. Therefore, with a 
production run of only two assemblies, the decision was made to use the Gas 
Tungsten Arc (GTA) Welding Process, "soft" tooling, and a mechanized torch 
carrier with'a mechanical roller arc length control only. 
inasmuch as the building of "hard" precise tooling with an automatic contour 
following, voltage controlled welder would have been both time-consuming and 
expens i ve. 
This was done, 
All welding was accomplished with the G'TA-direct current straight polarity 
helium shielded welding process. 
The arc length was maintained by 3 roller traveling immediately in front of  
the welding torch. This voltage (approximately 14 V)  was not constant be- 
cause the soft tool ing would allow localized "tenting" under the arc flame 
thereby reducing arc length. 
tration of the welding wire into the molten puddle which automatically shuts 
down the operation) occurred several times. 
The welding speed was 20 inches per minute. 
Stubbing (an electrical short produced by pene- 
Initially, weld backup was attempted by a flexible laminated stainless steel 
from the back-up bar causing immediate burn-through. A change was initiated 
to use a fiberglass tape over a shallow fixed "U" groove with the molten 
metal cast onto the groove. 
bar. The forementioned "tenting" problem cause the weld area to pull away -r 
Manual arc welding was used to close some joints where gap exceeded .030 inch 
and for rework of all burn-through, cracks, etc. 
Radiographic examinat ion (Fig. 12) indicated 1 inear porosity of a1 1 welds; 
however, the deficiency was not considered detrimental to the developmental 
effort and the decision was made to proceed. 
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The f i r s t  completely welded outer  s k i n  assembly was considered unsa t i s fac to ry  
f o r  f u r t h e r  operat ions when v i s u a l l y  observed. Warpage i n  the weld land areas 
were too  prominent. Mod i f i ca t ions  were made t o  the Welding P las te r  Master t o  
p rov ide  hold-down st raps t o  supplement the vacuum method o f  ho ld ing the gores 
i n  p o s i t i o n .  The o r i g i n a l l y  welded s k i n  was discarded and no t  used f u r t h e r .  
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A second ou ter  s k i n  was completed through the  welding opera t ion  ready for 
age forming. An inner s k i n  was fabr ica ted  i n  the same manner as the  ou ter  
s k i n  except the welding and cont ro l  was accomplished on the  inner s k i n  P l a s t e r  
Master. The interchangeable adaptor f o r  welding was t rans fe r red  f r o m  t h e  
Outer Skin P l a s t e r  Master t o  the  Inner Sk in P las te r  Master. 
Pqinq, Forminq. & Adhesive Bondinq 
Pr ior  t o  loading t h e  ou ter  face sheet i n t o  the  Concave Forming and Aging Tool, 
a l l  weld beads were removed from the sur face adjacent t o  t h e  honeycomb core  and 
from the weld land s ide  as necessary t o  assure proper f i t  i n  the  Concave Form- 
ing  and Aging Tool. 
Metal removal was accomplished w i t h  a Zephyr Weld Shaver Model ZT509 (Zephyr 
Manufacturing Co., Inc., Inglewood, C a l i f o r n i a ) .  
The ou ter  s k i n  was pos i t ioned in  the  Concave Forming and Aging Tool and over layed 
w i t h  a bleeder c l o t h  and enclosed in  a ny lon  p l a s t i c  f i l m  which was sealed t o  
the  t o o l  excess a t  t he  s k i r t  edge.(Fig. 2 2 ) .  
t o  f o r c e  the  s k i n  against  the tool .  
s t r a t e g i c a l l y  i n  72  p o s i t i o n s  between the s k i n  and the t o o l .  The s k i n  was re-  
moved from the  t o o l  and the  squeezed c l a y  spheres were measured t o  determine 
amount o f  mismatch between the sk in  and the  tool (Fig. 36), 
A vacuum o f  26 inches Hg was created 
Molders-clay spheres were p rev ious l y  placed 
Average space between the s k i n  and t o o l  a t  the  s k i r t  r e s u l t i n g  from 24 measure- 
ments was .0283 inch. Average space a t  24 loca t ions  approximately a t  mid-point  
between the  s k i r t  and p o l a r  cap was .0297 inch. Average space a t  24 l oca t i ons  
a t  t h e  po la r  cap area was .0361 inch. See Data Sheet, F ig .  43, f o r  summation 
o f  comparisons. 
The ou ter  s k i n  was solvent-cleaned (acetone wipe) and pos i t i oned  in the  Concave 
Forming and Aging Tool .  
i n  a ny lon  p l a s t i c  f i l m  which was sealed t o  t h e  t o o l  excess a t  t he  s k i r t  edge 
(F ig.  2 2 ) .  A vacuum o f  26 inches Hg was created between the  t o o l  and vacuum 
bag and the  'set -up '  was tes ted  to  assure t h a t  no leaks were present.  
The loaded t o o l  was placed i n  an autoc lave (Fig.  23) and p r e s s u r i z a t i o n  began. 
A t  seven ( 7 )  P S l G  p o s i t i v e  autoclave pressure the vacuum was por ted  t o  the  
atmosphere and pressure was increased t o  s i x t y  (60) P S I G .  
ag ing cycle.) 
The sk in  was over layed w i t h  a b leeder  c l o t h  and enclosed 
(See F ig .  28 f o r  
Upon complet ion o f  t he  aging cyc le  (Fig.  20) the  s k i n  was 
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Average space a t  the  s k i r t  was .0166 inch, average space a t  the  center  l o c a t i o n  
was .0188 inch, and average space a t  t h e  p o l a r  cap was ,019 inch. See Data 
Sheet, Fig.  43, f o r  Summation of  Comparisons. 
Prev ious ly  preformed HRP Honeycomb Core was placed w i t h i n  the aged ou ter  s k i n  
and f i n a l  trimmed t o  assure proper f i t  f o r  s p l i c i n g .  A f t e r  removal o f  t h e  
f i t t e d  core, the  outer  s k i n  was chemical ly cleaned by vapor ( t r i ch lo re thy lene)  
degreasing and etch ing i t i n  Turco Etchant 138 t o  remove .OOO4-.OOO6 inch 
mater ia l  from a l l  surfaces. 
The ou ter  s k i n  was repos i t ioned i n  the  t o o l  using p r e v i o u s l y  es tab l i shed 
index p o i n t s  to .assure replacement of t h e  s k i n  i n  i t s  o r i g i n a l  p o s i t i o n  o f  
aging. 
was appl ied smoothly and evenly to t h e  surface o f  the  sk in .  The HRP Honey- 
comb Gore Sections were placed in p o s i t i o n  against  t h e  core and Foam Adhesive 
(Thermofoam 607 - Adhesive Engineering Co.) was placed in  a l l  core sp l i ces .  
The s p l i c e  areas were covered with p r o t e c t i v e  f i l m  and t h e  assembly was 
prepared f o r  aging i n  the same manner as was t h e  ou ter  sk in .  
HT-424 Adhesive (American Cyanamid Co., Bloomingdale Rubber Div.) 
The s k i n  t o  core adhesive bonding cure  c y c l e  was accomplished i n  the autoclave 
us ing a p o s i t i v e  pressure o f  30 P S l G  (Fig. 29). 
t e s t  of  vacuum bag were handled in the same manner as for t h e  ou ter  sk in .  
Preparat ion,  bagging, and - 
Upon completion o f  t h e  cure  cyc le  t h e  assembly was not  removed from t h e  too l .  
(Fig.21). 
smooth and of  regu la r  curvature t h a t  would not r e q u i r e  machining. 
The core was observed ar id- the inner sur face was determined t o  be 
A t  t h i s  stage, t h e  welded inner s k i n  was pos i t ioned against  t h e  HRP Core surface, 
bagged, and subjected t o  an aging c y c l e  (Fig.  30) the same as was the  ou ter  sk in .  
A t  t h i s  stage, t h e  inner s k i n  was removed from the ou ter  sk in-gore assembly 
and molders-clay spheres placed in  the  same r e l a t i v e  72 p o s i t i o n s  used for 
checking t h e  ou ter  skin.  
The inner s k i n  was reposi t ioned in  i t s  l o c a t i o n  of aging (using the  es tab l i shed 
index p o i n t s )  and (26) inches Hg o f  vacuum wasagain used t o  seat t h e  p a r t s  i n  
t h e  t o o l .  Upon removal of t h e  inner s k i n  t h e  molders-clay spheres were found 
t o  be re located w i t h i n  t h e  core c e l l s  i n d i c a t i n g  in t imate  contact  had been 
a t t a i n e d  over t h e  e n t i r e  surface between t h e  s k i n  and core. 
T h i s  being f u r t h e r  p roo f  t h a t  no core machining was necessary, t h e  inner  s k i n  
was chemical ly  cleaned by using Turco Etchant 138 t o  remove ,0004 t o  ,0006 
inch  o f  m a t e r i a l  from a l l  surfaces o f  the  inner s k i n .  HT-424 Adhesive was 
a p p l i e d  t o  the  inner surface o f  t h e  inner sk in ,  and foam adhesive (Thermofoam 
REVLTR: 
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I The inner  s k i n  was lowered i n t o  the  ou ter  skin-core assembly which was not  
removed from the t o o l  a f t e r  the ou ter -sk in - to -core  bonding operat ion.  
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The lowering o f  the inner s k i n  progressed smoothly u n t i l  the l a s t  two inches 
o f  the s k i r t  area reached t h e  core a t  which time the  adhesive on the s k i n  
tended t o  adhere t o  the co re  and movement o f  the s k i n  ceased. A transparent 
ny lon  f i l m  was app l i ed  t o  the  inner surface o f  t he  inner skin,  sealed t o  the 
t o o l  a t  t he  s k i r t  edge, and vacuum was s low ly  drawn t o  f o r c e  the  s k i n  i n t o  
i t s  f i n a l  p o s i t i o n .  In t h i s  manner the inner s k i n  s l i pped  e a s i l y  i n t o  pos i -  
t i o n  w i t h  the  added advantage o f  c a p a b i l i t y  t o  guide the  s k i n  i n t o  i t s  proper 
place. 
s t r u c t u r e  a t  the s k i r t  area does terminate w i thou t  any length  o f  w a l l  c l o s e l y  
p a r a l l e l i n g  the  v e r t i c a l  cen te r l i ne  o f  t h e  bulkhead. The assembled bulkhead 
was again bagged wi th  a nylon f i l m  vacuum bag and subjected t o  autoc lave pres- 
sure o f  30 PSlG a t  325°F f o r  bonding, cur ing,  and a d d i t i o n a l  aging (Fig,  31). 
The vacuum bag was removed from t h e  bonded assembly (Fig. 23) and the  assembly 
was removed from the Concave Forming and Aging Tool (Fig. 24, 25, & 26). 
I nd i ca t i ons  were t h a t  design cons idera t ion  should assure t h a t  t he  
V i  sua 1 appearance was good. 
noted . No unbonded '+!anst',, i ndenta t i ons, e t c  . were 
The template (used f o r  sweeping the  o r i g i n a l  surface o f  t he  PM, from which the  
splash f o r  the Concave Forming and Aging Tool was removed) was placed aga ins t  
t h e  ou ter  sur face  o f  t he  completed assembly. By s h i f t i n g  the template towards 
the  p o l a r  cap, t h e  template and assembly contours were noted t o  be i n  c lose  
p rox im i t y .  
Template Master Layout t r i m  l ine,  t he  assembly contour was noted t o  dev ia te  from 
t h e  template beginning a t  t h e  sk i r t  t r i m  l i n e  a t  . lo5 inch dev ia t i on  which grad- 
u a l l y  disappeared t o  zero  (0) dev ia t i on  a t  12 inches from the s k i r t  t r i m  l i n e .  
Dev ia t i on  again appeared a t  a po in t  approximately 30 inches from the Polar Cap 
t r i m  l i n e  and increased gradual ly u n t i l  a t  t he  Polar Cap t r i m  l i n e  the dev ia t i on  
was again approximately . lo0 inches. Th is  c o n d i t i o n  could be compensated f o r  by 
f a b r i c a t i n g  t h e  assembly w i t h  excess ma te r ia l  a t  both the s k i r t  and po la r  cap 
areas t o  a l l o w  f o r  t r i m  l i n e s  to be located i n  r e l a t i o n  t o  the f i n a l  assembly 
curva ture .  
t o  compensate f o r  stresses other than p r e c i p i t a t i o n  aging growth. 
By l o c a t i n g  t h e  template according t o  the o r i g i n a l l y  establ ished 
Also, i t  would appear necessary t h a t  a new e l l i p s e  equation be used 
e 
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In analyzing the  Measurements and Ca lcu la t  
taken o f  f i n a l  f u l l y  aged part, i t  appears 
ons (Fig.  43 & Fig.  46) 
t h a t  the contour follows 
the e l l i p s e  equat ion o f  X 2  + 2Y2 = 52.S2 used on the scale bulkhead 
assembly MRGT-SK717B i n  tha t  t h e  requ i red  p a r t  and the  fab r i ca ted  
p a r t  a re  in  the f a m i l y  o f  ell1 ipses whose axes co inc ided and the  
normal d is tance between parameters i s  constant.  
The f i n a l  p a r t  i s  s l i g h t l y  undersize (.020 inch) w i t h  a s l i g h t  
depression i n  the  po la r  area. This  d e v i a t i o n  would i nd i ca te  t h a t  
phys ica l  o r  mechanical condi t ions prevented p red ic ted  growth dur ing  
the aging and bonding treatment. 
Th is  may be r a t i o n a l i z e d  as being due to  d i f f e r e n c e  i n  r a t e  o f  
expans icn and/or con t rac t  ion between weld bead mate r ia l  and ad- 
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Zold ing c l a y  spheres were again placed i n  the forming and aging t o o l  i n  the 
o r i g i n a l  72 l oca t i ons  used f o r  previous comparisons. The bonded assembly was 
pos i t i oned  i n  the t o o l  us ing prev ious ly  used index p o i n t s  and the assembly 
was seated i n  p lace  w i t h  (2) inches Hg vacuum. 
assemhly removed from the too l ,  and the  compressed nodules of  molders-clay 
were measured (Fig. 38). 
Vacuum was released, the 
The average space between the  bonded assembly and the  forming-aging t o o l  a t  
t he  s k i r t  was .0196 inch. A t  t h e  mid-point  the average space was .0202 inch. 
A t  t he  po la r  cap area the average space was .0328 inch. 
The set-up and measurements were repeated except t h a t  24 ihches Hg vacuum was 
used t o  seat t he  assembly in  t h e  t o o l  (Fig. 39). 
The average space between the  bonded assembly and the forming-aging t o o l  a t  
the s k i r t  was .0153.inch. 
The average space a t  mid-point  was .023 inch and the  average space a t  the  Po lar  
Cap area was .O25 inch. See Data Sheet F ig .  43 f o r  Summation o f  Recordings. 
The assembly was v i s u a l l y  observed b y  combined Boeing and NASA representat ives 
who agreed the  r e s u l t s  were h igh l y  encouraging and l a r g e l y  successful .  
The second assembly was fabr icated i n  much the  same manner as . the  f i r s t  except 
t h a t  autoc lave pressures were reduced t o  40 PSIG.  
as t o  t h e  p o s s i b i l i t y  o f  accomplishing the same r e s u l t s  by use o f  atmospheric 
pressures o r  some pressure l ess  than the  60 P S l G  used f o r  t he  f i r s t  assembly 
aging. It was f e l t  t h a t  reducing t h e  pressure used on t h e  second assembly t o  
40 P S l G  cou ld  resu!t  i n  u s e f u l  in format ion w i thout  j eopard i z ing  the  i n t e n t  of ’ 
t h e  study. 
\ 
The ques t i on  had been ra i sed  
The aging and cure cyc les for the second u n i t  a re  represented by F ig .  32 t h r u  
F ig .  35 w i t h  comparative measurements represented by Fig. 40 t h r u  42. 
‘ I n  process’  measuring o f  the skins o f  the second assembly were reduced; however, 
complete measurement o f  t h e  bonded assembly was accomplished the  same as on the 
f i r s t  assembly. 
It may be noted t h a t  al though approximately comparable r e s u l t s  were obtained 
a t  t h e  s k i r t  area o f  each assembly, the r e s u l t s  were poorer i n  the  p o l a r  cap 
area, 
t h e  f i r s t  assembly would r e s u l t  in c l o s e r  to le rance c o n t r o l .  
It may very we1 1 be t h a t  pressures grea ter  than t h e  60 P S l G  used on 
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Dest ruc t ive  Test,  Radioqrap!iic..Examinatign, dnd Specimen Tes t inq  
The f i r s t  bonded assembly was subjected t o  rad iographic  examination (Fig.44) 
which showed the HT-424 Adhesive to  be evenly d i s t r i b u t e d ,  s p l i c e s  w e l l  f i t t e d  
and bonded. There were no crushed c e l l s  o r  node separat ions,  and the general 
q u a l i t y  o f  the  core  was exce l len t .  
L inear  P o r o s i t y  and lack o f  penetrat ion were noted i n  t h e  welds; however, none 
of the weld defects  appeared t o  be more than 30"/0 o f  weld th ickness (F ig .  12). 
Visual  appearance o f  t h e  assembly was such t h a t  i t  was determined t h a t  i t  
would be s e t  as ide u n t i l  completion of  the  second assembly a t  which t ime the  
assembly w i t h  t h e  lesser  q u a l i t y ,  v i s u a l l y  and e m p i r i c a l l y ,  would be chosen 
f o r  d e s t r u c t i v e  t e s t i n g .  
The second bonded assembly was subjected t o  rad iographic  examinat ion  (Fig.45) 
which showed t h e  adhesive t o  be evenly d i s t r i b u t e d .  Spl ices were w e l l  f i t t e d  
and bonded. 
q u a l i t y  o f  t h e  core  was good. Welding l i n e a r  p o r o s i t y  and lack of penetra- 
t i o n  a l s o  appeared i n  the  second assembly. 
: 
There were no crushed c e l l s  o r  node separat ion.  The general 
The second assembly as evidenced by Fig.  41, al though s t i l l  o f  good contour and 
w e l l  pressur ized dur ing i t s  fabr ica t ion ,  had g r e a t e r  average d e v i a t i o n  between 
the assembly and t h e  t o o l ,  less r e t e n t i o n  o f  form and/or more dimensional change 
dur ing t h e  heat ing and c o o l i n g  of t h e  f i n a l  adhesive bonding cyc le .  Therefore 
the second assembly was chosen as t h e  u n i t  to  be dest ructed f o r  v i s u a l  observance 
of  q u a l i t y .  
Des t ruc t ive  t e s t i n g  began w i t h  the sec t ion ing  o f  t h e  e n t i r e  assembly i n t o  p ieces 
approximately 2.5 square f e e t  i n  area, a f t e r  which one s k i n  was removed. The 
method of removal cons is ted simply o f  clamping one corner o f  a s k i n  t o  a t a b l e  
and p h y s i c a l l y  pee l ing  the opposite s k i n  from t h e  core. 
Observation r e s u l t e d  in  t h e  fo l low ing  comments: 
1 .  I n t i m a t e  contac t  was obtained between s k i n s  and core  i n  a l l  areas o ther  
than d i r e c t l y  under t h e  weld lands. 
2 .  I n  a l l  weld land areas where such weld lands were prepared w i thout  sharp 
I contour dev ia t ion ,  unremoved excess weld bead, etc. ,  t h e  contact  between 
I core and s k i n  was sound, It should be noted t h a t  the  weld land areas 
are  problem areas and t h i s  method w i l l  not  compensate f o r  sharp devia- , 
i t ions of  s k i n  surface. 
Although t h e  age forming o f  t h e  sk ins  tends t o  overcome some i r r e g u l a r -  
i t i e s ,  there  can be no s u b s t i t u t e  f o r  adequate prepara t ion  of weld land 
areas on the  core surface. 
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I t  should be noted that ,  dur ing  the welding prob l tm per iod,  a p a i r  
o f  gore segments o f  .090 inch thickness (not chemical m i l l e d  t o  in -  
c lude weld lands) were welded. I nd i ca t i ons  were t ! l a t  less d i s t o r t i o n ,  
t en t i ng ,  mismatch, etc. ,  were encountered w i t h  the th i cke r  ma te r i<? l ,  
weld land design should n o t  o n l y  have idequate w id th  t o  meet s t r u c -  
t u r a l  requireinents but should be wide enough t o  t r a n s f e r  r e s t r a i n i n g  
pressures and t o  ac t  as a heat s ink .  
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3 .  Core s p l i c e  areas, where the  core was he ld  i n  c lose  p rox im i t y  dur ing  
the  p re -sp l i ce  p repara t ion  o f  the gore segments, resu l ted  i n  good 
bonds and pressure pat terns.  Areas between core gore segments, 
which were incompletely f i l l e d  dur ing t h e  adhesive bonding cure  
c y c l e  of  core- to-outer-sk in  and which received addi ' t ional  Thermo- 
foam 607 a t  the  t ime o f  f i n a l  adhesive cure  o f  core- to- inner-sk in ,  
resu l ted  i n  poor adhesion of t h e  added foam. 
It i s  surmised t h a t  t h i s  c o n d i t i o n  resu l ted  from the o r i g i n a l  foam 
being subjected t o  the inner s k i n  aging c y c l e  p r i o r  t o  foam add i t i on .  
Therefore,  foam s p l i c e  o f  core  should be complete p r i o r  t o  aging o f  
the inner sk in ,  i f  such core  i s  used as a separator dur ing  aging. 
5. Although bo th  sk ins  were adequately bonded, the  inner s k i n  was the  
one t h a t  peeled from the core i n  near l y  every case. This may be an 
i n d i c a t i o n  t h a t  minor contaminat ion may be r e s u l t i n g  from v o l a t i l e s  
being g i ven  o f f  o f  the HRP core dur ing the long aging c y c l e  o f  the 
inner  sk in .  Adhesive pr im ing  o f  the  co re  may be necessary for maxi- 
mum adhesion. These problem areas may be circumvented by us ing a 
s l i p  sheet t o  replace the  core  dur ing  aging forming o f  bo th  sk ins  
s imultaneously.  
Test Specimens were prepared and tes ted  as follows: 
In order  t o  prov ide  a means o f  comparison t o  determine the e f f e c t  o f  long- 
t ime cyc les a t  325°F.: The aluminumsused was 2219-T37 chemica l l y -mi l led  
from .090 inch t h i c k  t o  ,040 inch  t h i c k  for  l a p  shear specimens and .020 
inch t h i c k  f o r  peel  specimen sk ins;  t he  core  was aluminum core. The peel  
t e s t  r e s u l t s  should be contrasted t o  a minimum average requirement o f  15 
i n . l b .  per  3 in. w i d t h  and the Lap Shear Test r e s u l t s  should be compared 
t o  I350 P S I  average requirement. 
One Set of Lap Shear Specimens and One Set o f  Climbing Drum Peel Specimens 
were prepared and cured w i th  the  ou ter -sk in - to -core  adhesive bond (Fig.33). 
' 
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rhese specimc,ns were a l s o  subjected t o  the inner s k i n  age forming cyc le  and 
inncr-sk in- to-core adhesive bonding cyc le .  
prepared apd bonded on ly  w i t h  the inner-5k in- to-core adhesive bonding cyc le  
A second se t  o f  specimens was 
(Fig.35).  ! 
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The t e s t  r e s u l t s  f o r  the specimens subjected t o  m u l t i p l e  cyc les  a re  shown 
by Fig.6.  
a re  shown by F ig .  7.  
Resul ts o f  the specimens cured w i t h  f i n a l  adhesive cure  on ly  
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Some d e t e r i o r a t i o n  i s  ind ica ted  t o  be induced by the long-time cur ing.  
I t  i s  not  inconceivable t h a t  the age forming o f  t h e  ou ter  and inner s k i n  
cou ld  be accomplished sirnultaneously,eliminating t h i s  e f f e c t .  
I t should be noted t h a t  w i t h  reduct ion i n  s t rength ,  the specimens exceeded 
t y p i c a l  minimum requirements o f  the  adhesive bonding indus t ry  fo r  t h i s  
adhesive system. 
Comparison o f  Bulkhead Assembly to  Tool a t  S k i r t  Edqe -- 
104.969 inches = Avg. Dia. o f  too l  excluding weld land r e l i e f  (Fig.  36 & 37). 
104.9298 inches = Avg. Dia.  o f  t o o l  less Avg. Dev ia t i on  between assembly 
and tool (Fig. 38) (104.9298 - .0196 - .0196 = 104.9298) 
104.9898 inches = Avg. Dia. o f  Assembly -- 104.9298 + .060 (weld land thickness) 
Reduction t o  f o r t y  (40) P S I  autoclave pressure used f o r  processing the second 
assembly appeared to  have very l i t t l e  e f f e c t  a t  the  s k i r t  area; however, the 
e f f e c t  was more pronounced a t  the po la r  cap area. (See F ig.  43.) 
I t  appears t h a t  a minimum o f  60 P S I  autoclave pressure I s  necessary and t h a t  
more pressure may p rov ide  increased dimensional c o n t r o l  and should be used 
cons is ten t  w i t h  core compression resistance, c a p a b i l i t y .  
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Conclusions - 
i 
1.  The alilminum a1 l o y  2219 can be pre-formed a,id subsequently age formed t o  
to lerances requi red f o r  adhesive bonded honeycomb sandwich s t ruc tu res .  
NO. NAS 8-1 1900 
PAGE 25 
2. The 2219 aluminum a l l o y  sk in  gore segments f o r  t h i s  design were no t  
successfu l ly  s t r e t c h  formed, i n  the  T37 cond i t ion .  
3. Successful s t r e t c h  forming was accomplished by r e - s o l u t i o n  heat treatment 
of  2219-T37 aluminum a l l o y .  
4. Excessive g r a i n  growth resu l ted  from t h e  r e - s o l u t i o n  heat t reatment com- : 
b ined w i t h  previous c o l d  reduct ion t h a t  induced c r i t i c a l  s t r a i n  occur r ing  
a t  t h e  vendor's f a c i l i t y ,  
5 .  Non-uniform g r a i n  s i z e  can be e l im ina ted  by s t a r t i n g  t h e  opera t ion  w i t h  
the f i n e r  grained T4 cond i t ion  o r  w i t h  annealed mater ia l .  
6 .  Close to lerance coord inat ion o f  t o o l i n g  and s u i t a b l e  weld land design 
w i l l  be necessary t o  assure minimum weld land w i d t h  a f t e r  f i n a l  t r i m  and 
a l s o  t o  prov ide adequate heat s i n k  f o r  welding. 
Aerospace q u a l i t y  welding was not  accomplished w i t h  t h e  minimum concept 
t o o l i n g  used f o r  t h i s  program. 
7.  1 
8. Provis ions w i l l  be necessary for  t h e  p r e c i s e  l o c a t i o n  o f  t h e  inner skin 
in i t s  proper p o s i t i o n ,  p r i o r  t o  adhesive bonding i t  t o  the outer  skin- 
core subassembly ( p a r t i c u l a r l y  w i t h  respect t o  r o t a t i o n  away from t h e  
common v e r t i c a l  center1 ine). 
9. Design considerat ion should assure t h a t  the  s t r u c t u r e  a t  t h e  s k i r t  area 
does terminate w i thout  any length  of  w a l l  c l o s e l y  p a r a l l e l i n g  t h e  v e r t i c a l  
c e n t e r l i n e  o f  the bulkhead f o r  t h e  same reason as d r a f t  angles are  prov ided 
on cast ings and forg ings.  
10. Excess mater ia l  should be prov ided a t  t h e  s k i r t  and p o l a r  cap zones w i t h  
corresponding allowance of weld land w id th  t o  p rov ide  Manufacturing w i t h  
t r i m  (pay-off) mater ia l .  
11. Minimum aging and bonding pressures o f  60 P S l G  should be used; core of  
s u i t a b l e  compression resistance must be se lected i f  higher pressures 
a r e  used. 
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12.  Close to lerance prepara t ion  o f  t h e  weld land on the  core s i d e  o f  the  
face sheet i s  necessary. 
13 .  The adhesion o f  the inner sk in  t o  the  core, a l though w e l l  bonded, was 
Although not as great  as t h e  adhesion o f  t h e  outer  s k i p  t o  t h e  core.  
the cause was undetermined, i t  may be a t t r i b u t e d  t o  the extended heat- 
ing t ime the  core receives during t h e  inner s k i n  aging cyc le ,  The 
simultaneous performance o f  inner and ou ter  s k i n  aging p r i o r  to  bond- 
ing could e l i m i n a t e  such p o t e n t i a l  problem area, 
14. The c lose  dimensional match o f  t h e  s k i n  t o  the core, achieved by the  
general concept suggested in the  Request For Quotat ions,  was super io r  
t o  any techniques p r e v i o u s l y  employed by o r  f a m i l i a r  t o  t h e  cont rac tor  
f o r  bonding o f  l a r g e  dual metal s k i n  s h e l l s  o f  compound contour.  
15. The f i l l e t i n g  a c t i o n  of the  adhesive t o  the  core d i d  not  appear t o  be 
as prominent on t h e  HRP core as i s  normal ly viewed where aluminum core  
i s  used. 
metal core. Although the d e s t r u c t i v e  t e s t  showed adequate bond st rength,  
i t  could perhaps be increased by use o f  heavier weight adhesive f i l m .  
HT-424 Adhesive over lap,  occur r ing  i n  some areas, d i d  not a f f e c t  the  
core-to-skin pressure pat terns b u t  d i d  appear t o  cause somewhat improved 
f i l l e t i n g  a c t i o n  between core and skin.  
Th is  may be due to  the  i n s u l a t i v e  c h a r a c t e r i s t i c s  o f  t h e  non- 
16. Foam sp l  i c e  adhesive added dur ing t h e  core-to-outer-skin-to-core bonding 
operat ion,  and l a t e r  subjected t o  t h e  inner s k i n  aging c y c l e  d i d  not  
adhere proper ly  t o  t h e  foam-splice adhesive added dur ing  t h e  inner-  
skin-to-core bonding operat ion.  There appeared t o  be some non-v is ib le  
contamination on the  sur face o f  t h e  e a r l i e r  cured foam adhesive, p o s s i b l y  
from v o l a t i l e s  t h a t  may have been expel led by t h e  long-t ime heat ing 
o f  t h e  core. 
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It  i s  recommended that:: 
1 .  
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3 .  
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6 .  
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This concept b e  f u r t h e r  explored by design and f a b r i c a t  
complete la rge  scale coiiipos i t e  bulkhead, t h e  design t o  
cylindrical-skin-to-bulkhead t r a n s i t i o n  j o i n t  cons t ruc t  
on o f  a 
nc 1 ude 
on. 
Such l a r g e  sca le  assembly u t i l i z e  t h e  bulge forming o r  equa l ly  
s a t i s f a c t o r y  method o f  pre-forming t h e  s k i n  segments. 
Age forming of both  the inner and t h e  ou ter  sk ins  be accomplished 
simultaneously w i t h  a separator sheet s imu la t ing  the  honeycomb 
core th ickness. Such age forming t o  be done p r i o r  t o  the  adhe- 
s i v e  bonding stage. The age forming and adhesive bonding t o o l  
f o r  l a r g e  scale assemblies could encompass the  general concept 
depic ted by F ig.  47. 
I n v e s t i g a t i o n  be made t o  determine i n s u l a t i v e  c a p a b i l i t y  o f  per- 
fo ra ted  honeycomb core sandwich s t r u c t u r e s  t h a t  have had a vacuum 
created w i t h i n  the core area between the  face skins.  Reduction 
o f  b o i l - o f f  o f  l i q u i d  oxygen o r  hydrogen could r e s u l t .  
A study be made t o  prove f e a s i b i l i t y  o f  f a b r i c a t i o n  honeycomb 
sandwich s t r u c t u r e s  w i t h  face sheets o f  6A14V t i t a n i u m  using the  
age forming approach t o  c lose  to le rance f a b r i c a t i o n .  A cursory 
eva lua t ion  by Boeing-Wichita r e s u l t e d  i n  s t rong ind ica t ions  o f  
f e a s i b i l i t y .  
A study be made t o  prove f e a s i b i l i t y  o f  age forming 6 A 1 4 V  t i t a n i u m  
face sheets i n  l a r g e r  sections which would inc lude not on ly  an upper 
and l o x e r  bulkhead segment b u t  a l s o  t o  inc lude i n  the  one piece, a 
c y l i n d r i c a l  s k i n  section. The shape o f  t h e  r e s u l t i n g  l a r g e r  sec t ion  
would resemble a canoe having e l l i p t i c a l  end segments. 
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MILITARY A I R P L A N E  d I V I S I O N  - WICHITA B R A N C H  
WICHITA. KANSAS.  67210 
I N S  438 W ‘:I3 
I 
, 
Q U A L I T Y  CONTROL LABORATORY R E P O R T  $- 49357 
D o t d & ! ? ? ! - S u b m i H e d  by 3260 - G. Beard ._ Prepared by 3O7O h Y  COX !3m 
DElT. NO. INS?. 01 SHOP SUW. DEPT. NO. NAME PHONE 
Quantity Redd Description: R.N.-- __- Part No.-- r n . t t ~ - s ~ p i p - i  - -P.O.-- 
NO. of Sampler 1 -No. of Pieces 1 -Spec. No.- Copies to 3260-GBeaxd 
DEPT. NO. NAME 
3070 - RCOX lcc  
Information Requested- Check g m i n  s t ructure  t o  determine USAF’ - Chief,Q.C. lcc 
cause of orange ped .  
One part, PaeCT-SK‘717I>-l, was submitted t o  the Qual i ty  Control Laboratory f o r  the  
purpose of determining the  cause of the orange peel. 
the pa r t  was 2219-T37 altunb~m alloyo The material was  re-solution heat treated 
and s t r e t ch  formd i n  the (W) condition. After forming the part was chem milled 
on one side. 
The material used i n  making 
.Is s h m  in Figures 1 and 2 the orange peel produced during the forming operation 
was  a r e su l t  of the large grain i n  the part. 
area was i n  the area of large gra in  size. The small grain s i ze  area had no orange 
peel produced as a re su l t  af the forming operation. 
duced as a r e su l t  of c r i t i c a l  deformation and re-solution heat treatnento C r i t i c a l  
deformtion or  c r i t i c a l  s t r a i n  can be defined as the  percentage of strain a t  which, 
o r  imiediately higher than which, large grain grotrth occurs during heating, 
c r i t i c a l  s t r a in  is between 6 and E’$ dependj-ng on the alloy, original g a i n  size, 
heating rate, time a t  temperature, etco It should be noted that 2219-T37 implies 
that the material has been cold rduced about 8% a f t e r  solution heat treatment. 
T,%s cold reduction was the source of the  c r i t i c a l  deformtion, 
eliminate non-uniform grain s i ze  in the  f’inish product is t o  purchase a fine grain 
T4 or annealed material. 
As can be noted the orange peel 
The large grains were pro- 
The 
The best  way t o  
The par t  was destroyed in test ing and the  remnants returned t o  3260 - G. Beard. 
- Continued 0 
Prepared by Approved by 
Figure 5 rU4S 8-1 1900 
Page - 2 - 
449357 
PHOTO N O .  820 MILLED S I D E  
F i g u r e  1 Mag. 1 X  
PHOTO NO .3 821 NON-MI LLED S I DE 
F i g u r e  2 Mag. 1 X  
The above photographs reveal  t h e  l a r g e  g r a i n s  on t h e  chem-mil led s i d e  o f  t h e  p a r t  and 
t h e  orange peel  s u r f a c e  on t h e  non-mi l led s i d e  o f  t h e  p l a t e .  
t h rough  t h e  p l a t e  a t  A, B ,  C ,  and D as index p o i n t s .  
Holes were d r i l l e d  
Prepared b y  D .  Zabel e 
P R O J .  78.57 
NAS 8-1 1900 
Approved b y  0 .  R .  Bornqesser 
F IG.  5, Pg.2 
BW- 1 72444 
I N S  438 W R 1 3  
L . 
THE 'Tm - Tflpds C O M P A N Y  
VILITARY . RPLANE r'disicrw .YICHITA BRANCH 
WICHITA. K A N S A S .  67210 
Q U A L I T Y  C O N T R O L  LABORATORY R E P O R T  Q- 50053 
, 
I - .  
D a t e L o " ' ? - 6 5 S u b m i t t e d  by--- 3070 . Ray C a x  --Prepared by- 2260 - Heckathorn 5880 
DEPT. NO. INSP. OR SHOP surv. DEFT. NO. NAME PHONE 
Description: R.N. - _.__Part No.lRSm178-3-P.O.--- ~ -Quantity Rcc'd 1 
1st stage 
Material----- .-  Vendor 
No. of Samples No. of Pieces -spec. NO. BAC 54% Copies to 3070 - R C a  & 
DEPT. NO. NMIE 
WAF - Chief,Q.C. l c c  
Information Requested------.- Pul l  a l l  lap shear samples. 
-- - 
The lap shear and climbing peel tes t s  on BMS 5-17 adhesive were conducted i n  accordance with 
the requirements of Specification B1.E 5-17. The following data were obtained: 
LAP s m  !r!!JNSrn CLIMEIING pE%L 
Pcvlel #1 panel #2 Peel Torque 
Load (Lbs.) Specinen h a d  (Lbs,) Specimen (In. Lbs. Per 3 In,) e=== 
1 980 
2 970 
92w 
890 
890 5 
Average (PSI) 1860 
-l 
1 
2 
2 
5 
6 
Average 
36 
37 
35 
36 
36 - 36 
36 
-%These specimens slipped i n  the jam and were cooled and re-cycled f o r  another f u l l  ten 
minute cycle. 
The specinens were destroyed and the remnants returned t o  Dept. 3070. 
e 
. I  (, 1 ;  . . . '.l 
S I  + - >  
Prepared by w Coll ier  Approved by O.R. Borngesser F. I .  
Figure 6 NAS 8-11900 
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M E  L 
W I L I T A R Y  AIKPLA ._ UIV'SION - WICHITA B R A N C H  
WICHITA. KANSAS.  67210 
Q U A C i T Y  CONTROL L A 3 0 R A T O R Y  R E P O R T  '[I! soo% 
', * '  \ 
DLPT. NO. INSP. 01 SHO? SWV. I O W .  NO. NhMt ?HONE 
Date- ? - O s ! a L S u b m i t t e d  by 'xu  3070 - R ~ Y - C ~  Prepared by_-=- 1260 -2 _-=.-.+- F'ccIcat!.orn 5880 
Description: R.N.--- -Part NO.--- I IPST-SK717B-33p.o. __ --Quantity Redd- 
Material- - _-_ - Vendor- 
No. of Samples .__-- No. of Pieces 
2nd stage 
/-4?6i 
NAME 
-- Spec. N o . - L C o p i e r  to 3O70 R C a  
DEPT. NO. 
USAF - Chief,Q.C. l cc  
Information R e q u e s t e d % ?  lap s%!!!les* 
The lap shear and climbing peel t e s t s  on B I B  5-17 adhesive were conducted i n  accordance with 
the requirements of Specification BIIS 5-17. The following data were obtained: 
0 I Specimen Load (Lbs.) Speciiien goad (Lbs.) 
1 
2 
; 
5 
990 
940 
94m 
960 
930 
Average (PSI) 1800 Average (PSI) 1900 
CLIMBING P3EL 
Peel Toraue 
Specimen (In. Lbse Pe; 3 In,) 
I 
1 
2 
43 
5 
6 
Average 48 
%These spechens slipped i n  the jaw and were cooled and re-cycled f o r  another fill ten 
minute cycle. 
The spechens were destroyed and the remnants returned t o  Dept. 3070. 
. .  I . .  
' !: ,! I I I ; ,  ..< > .  \ *  , % .  _ _  .-. L O,R. Borngesser i ,  Prepared by Max Collier Approved by 
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@359A Q U A L I T Y  CONTROL L A B 0  ' A T O R Y  R E P O R T  - _ _  - 
Material-- Unbonded ___ Skin of Dome - -Veri der-- 
No. of Samples .-No. of Pieces --Spec. No. -Copies to 3070 - R a x  ---mc- 
DEPl. NO. NAME 
3070 - Buchanan l c c  
Information Requested- - Mae X-Ray - Inspection of Welds. USAF - Chief, Q.C. l c c  
- -_ -- - - ___ - - - 
n:fm 
--I-- - - ~ -  
One unbonded aluminum dome skin pa r t  number MRmT-SfllD, was submitted t o  t h e  Qual i ty  
Control Laboratory f o r  radiographic examination of bu t t  welds. 
M i o g r a p h i c  examination showed t h a t  75 percent of the length of all welds contained l i n e a r  1 
r o s i t y  and lack of penetration. None of these defects  appeared t o  be deeper than 30 percent 8 f t h e  weld thickness. The welds w i l l  not meet radiographic qua l i ty  requirements of any 
Aero Space o r  Commercial Code t h a t  i s  available t o  the Laboratory. 
Th i s  report  i s  wr i t ten  t o  supplement and c la r i fy  Q48359. 
F. C. Liscum 0. R. Borngesser 
Prepared by Approved by 
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CONCAVE FORMING AND AGING TOOL 
XBAJ-MRET-SK717B 
@fl#IN@ 
SECT 
M a t e r i a l  -- 
NO. NAS 8-1 lq00 
PAGE 
Glass F iber  Fabr ic  - Hess Goldsmith IlHG-63" Glass Cloth,  
.O15Ii Thick or Equiva lent  
Epoxy Resin - Midcon M-500 100 Par ts  
Hardener - Midcon M-510 50 Par ts  
(Midcon P l a s t i c s  Co., Wichi ta,  Kansas) 
Layup (8) P ly  (approx. .12" t h i c k )  on Mold. 
t o  20 inches H.G. Vacuum. Heat t o  200°F. and h o l d  f o r  (3 )  Hours. 
Enclose i n  Vacuum Bag and evacuate 
Repeat Operat ion u n t i l  f i n a l  thickness i s  obtained. 
F i n a l  Cure Cycle f o r  XBAJ,  inc lud ing l a s t  laminated f a b r i c  a d d i t i o n ,  t o  be: 
3 Hours a t  150°F. 
3 Hours a t  200°F. 
3 Hours a t  250°F. 
3 Hours a t  300°F. 
3 Hours a t  350°F. 
8 Hours a t  400°F. 
Coef f i c ien  of  L inear  Expansion o f  t h e  laminate a f t e r  cure  as noted above i s  
12.5 X per  in / in / "F.  when heated t o  344°F. 
2219-T37 
in / in / "F .  when heated t o  344°F. 
Aluminum A l l o y  c o e f f i c i e n t  was determined t o  be 12.0 X l oo6  per  
Fig. 15 Concave Forming & Aging Tool XBAJ - MR&T - SK717B 
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CONTRACT NO. NASA 8-11900 
Fig, 27 Derelopnent of EQuations f o r  the Trace o f  Bulkhead Outside Mold Lines 
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335 - 
315 - 
180 - 
150 - 
FIRST UNIT 
END 
OF 
CYCLE 
PRESSURE - 60 PSIG 
Pressurization started with vacuum bag evacuated to 26" Hg. 
A t  7 PSI positive pressure,the vacuum was ported to the 
atmosphere & autoclave pressure was increased to 60 PSIG. 
Fig.28 Aging Cycle - Outer Skin 
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FIRST UNIT 
350 - 
325 - 
1 8 0  - 
150 - 
PRESSURE = 30 PSIG 
Pressurizat ion s t a r t ed  wi th  vacuum bag evacuated t o  26" Hg. 
A t  7 PSI pos i t ive  pressure,the vacuum w a s  ported t o  t h e  
atmosphere & autoclave pressure was increased t o  30 PSIG. 
Fig. 29 Cure Cycle - Outer Skin t o  Core Bonding 
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OF 
CYCLE 
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F" UNIT 
@'€IN& 
SECT 
335 - 
NO. NAS 8-11900 
PAGE 
315 - 
180 - 
150 - 
END 
OF 
CYCLE 
1 1 / 4 4  
TIME I N  HOURS 
PRESSURE - 60 PSIG NINIMUM 
Pressurization started with vacuum bag evacuated t o  26" Hg. 
A t  approximately 7 PSI positive pressure the vacuum was ported 
t o  the atmosphere & autoclave pressure was increased t o  60 PSIG. 
Fig.30 Aging Cycle - Inner Skin 
FIRST U N I T  
335 - 
325 - 
315 - 
180 - 
150 - 
1 1/2 +-- 
TIME IN HOURS 
PRESSURE = 30 PSIG 
Pressurizat ion s t a r t e d  with vacuum bag evacuated t o  26'' Hg. 
A t  7 PSI pos i t ive  pressure t h e  vacuum was  ported t o  t h e  
atmosphere and autoclave pressure was increased t o  30 PSIG. 
END 
OF 
CYCLE 
Fig.31 Combined Adhesive Cure and Final Aging Cycle - Inner Skin 
SECT I PAGE 
. Final  Report- 
SECOND UNIT 
HU!JN& 
SECT 
PRESSURE - 40 PSIG 
Pressurization s ta r ted  wi th  vacuum bag evacuated t o  26" Hg. 
A t  7 PSI posi t ive pressure the  vacuum was ported t o  the 
atmosphere & autoclave pressure was increased t o  40 PSIG. 
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Fig. 32 Aging Cycle - Outer Skin 
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SECOND UNIT 
350 - 
325 - 
8 
$ 4  
a g  E.c 
180 - OF 
CYCLE 
150 - 
TIME IN HOURS 
PRESSURE - 30 PSIG 
Pressurization started with vacuum bag evacuated t o  26" Hg. 
A t  7 PSI positive pressure t h e  vacuum was ported t o  the 
atmosphere & autoclave pressure was increased to 30 PSIG. 
Fig.33 Cure Cycle - Outer Skin to Core Bonding 
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NON-REEULARITY 
CAUSED BY BREAK 
I N  SEAL SYSTPI 
PRESSURE - 40 PSIG 
Pressurization started with vacuum bag evacuated to 26" Hg. 
A t  7 PSI positive pressure the vacuum was ported t o  the 
atmosphere & autoclave pressure was increased t o  40 PSIG. 
SECOND UNIT 
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PAGE 
4 
5.65 30hh 1.50 +- 
TIME IN HOURS 
TEST ASSmLY lfAt1 - Cured i n i t i a l l y  with outer skin t o  core bond. 
TEST ASSEMBLY rlBll - Cured with inner  skin t o  core bond only. Recured with inner skin to core bond. 
YKESSURE - 40 PSIG 
Pressurization s t a r t ed  with vacuum bag evacuated t o  26" Hg. 
A t  7 PSI posi t ive pressure t h e  vacuum was ported t o  the 
atmosphere & autoclave pressure increased t o  40 PSIG. 
Fig.35 Adhesive Cure Cycle - Inner Skin t o  Core - Pressure 40 PSIG 
POLAR C A P  - AVERAGE SPACE BETWEEN r SKIN & XBAJ : 0.0361 
SKIRT -AVERAGE SPACE BETWEEN 
SKIN & X B A J  = .0283 
Fig. 36 First Unit-Comparison Between Outer Skin and the  
Forming-Aging Tool-Before Aging 
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Fig. 37 First Unit - Comparison Between Outer Skin and the  
Forming-Aging Tool - After Aging 
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Fig. 38 First U n i t  - Comparison Between Bonded Assembly and 
the Fodng-Aging Tool - Free State Measurements 
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Fig. 39 First Unit - Comparison Between Bonded Assembly and 
the Forming-Aging Tool - Seated with 24"Hg. Vacuum. 
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Fig. 40 Second Unit - Comparison Between Outer Skin and t h e  
Forming-Aging Tool - Before Aging 
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L104.845 I.D. O F  X B A d  
XBAJ - Concave Forming and Aging Tool 
Fig. 41 Second U n i t  - Comparison Between Bonded Assembb and 
t h e  Forming-Aging Tool - Free State Measurements 
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XBAJ - Concave Forming and Aging Tool 
Fig. 42 Second Unit - Comparison Between Bonded Assembly and 
th.e Forming-Aging Tool - Seated with 2 6 . 5 " ~ g .  Vacuum 
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Q U A L I T Y  CONTROL L A B O R A T O R Y  R E P O R T  Qlk!@- - 
@ne honeycomb dome assembly, P/N 14RN”-SK717B, was subn?itted t o  the Quality 
Control Laboratory fo r  radiograph5.c examination of t b e  c r am and skirt area. 
Radiographic exmination shared that the  adhesive was evenly distributed, 
A l l  splices were w e l l  f i t t e d  and bonded. 
node separation. 
0,  
There were no cnished ce l l s  ar 
The general quality of the core was excellent,, 
Mnenr  porosity and l ack  of pnc?ImtLon were seen as the ~ain defects on 
raciioyaphs of the welds. 
shown on the radi.og;raphs and were visib1.e a t  the base of r.re1.d~ numbered 
1, 7 and 7B, 
weld thickness. 
Short pieces of thermocouple wire w e r e  also 
None of the weld defec5s appeared t o  be more than 3G$ of the 
The filrils were f3led i n  the Qvality Control Laboratory. 
turned t o  3070 - Ray Cox, The par t  was re- 
Fo C, Lisc~m Approved by O.Ro Borngesser Prepared by 
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Q U A L I T Y  CdNTRUL L A B O R A T O R Y  R E P O R T  Q 509117 
Date 11 r-J-fi-*6LSvbmitted by--~'~&OX- Prepared b y J L 8 1 0  - F a  !-ikGY-?'l 
Description: R.N.- __- Part No.--- iEST-SK717B p.0.- 
Material- Honeycomb Done As scmbly .. Vendor 
No. of Sampler---No. 1 of Pieces---Spec. 1 NO. Copies to 3070 RCox 
DEPT. NO. INSP. OR SHOP SUPV. DEPI. NO. NAME PHONE 
- --Quantib Rec'd 
DEPT. NO. NUIE 
I 3070 - 13uchanan 1Cc 
Information Requested :hke rafiofraDhiC insPectiOn O f  Crmlf- ZUXa, USAF - Chief,&.C, lcc 
skirt area and one a x 17 inch area  i n  
center of each gore. 
> 
\ 
On0 honeyconb do= assembly, part nwnber IPS'i'-S1717B, serial number 2, 
vas su5r;rittcd t o  the Laboratory for  radiographic examination, 
PacEoSraphic e:amination was made of the sldrt and crmm areas and of a 
ll~ x 17 inch 2-rea i n  the center of  each gore. 
tha t  the adhesive was evenly distributed. A l l  spl ices  were well Pitted 
and bonded, 
qual i ty  of the core was good. 
0 
T h i s  examjnation showed 
Tllare veTe no crushed ce l l s  or node separations, The general 
The weld would not m e t  current Ililitarjj weld standards duo t o  l inear  
porosity md/or lack of penetration. 
The films m r e  f i l ed  in the Quality Control Laboratory. 
returned t o  3070 - Ray COX. The dome was 
O,R, 3orngesser Prepared by F.C. U s c m  Approved by 
I Figure 45 NAS 8-1 1900 
Measurement of  t he  completed par t  was vide by the  use o f  a template developed 
by t he  Lquat ion  o f  the bulkhead, X2 + 2Yi = 52.S2, w i t h  .J3Ott step back alon$ 
the  contour t o  a l l ow  f o r  the weld land. Th is  s e t  back produced a new ii iajor 
axis, a = 52.47'' and a new minor axis, b = 37.093''. From the  new a and b, 
t he  e l l i p s e  equat ion becomes: 
X2 Y* 
2753.101 + 7375.591 = ' 
Eq. (1) or X2 + 2.000gY2 = 52.472 
Y 
9 52 q, . 
Measurement t o  the f i n i s h e d  part , f rom and normal t o  t h e  template, a t  t h e  p o l e  
was .033" (average); measurement a t  the  major a x i s  was ,020" (average). A t  a 
p o i n t  P i  w i t h  Y = 23.14It, t h e  distance t o  the  p a r t  was .0201' (average). (A) 
The template was se t  t o  co inc ide  w i t h  the  major and minor axes o f  the  f i n i s h e d  
par t . (Ref .  Tabulat ion,  Fig.  43). 
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I 
Estab1  i sh ing  an equat ion o f  the t h r  ar-@tit.al SUI Face o f  Che [ ) a r b  using 
measurements and ad jus t i ng  For the p o l a r  depr-e.;sion as f o l  lows: 
. sse 
o r  X 2  + 2.0016Y2 = 52.452 Eq. (2) X2 + - 7 = 1  Y2 
52.452 31.073 
To determine the  ac tua l  dev ia t i on  o f  t he  sur face o f  the p a r t  a t  p o i n t  PI from 
the template t o  the t h e o r e t i c a l  sur face a t  P2 we s u b s t i t u t e  Y = 23.14 i n  Eq. ( l ) :  
I X = -\152.472 - 2.0009 (23,14)2 
41.01611 x =  
The s lope of a l i n e  norma t o  the template a t  P I  (41.016, 23.14) i s  
S2.472 X 23.14 
= 1.133 - a2Y 1 bzyl 37.0932 X 41.016 
Equat ion of the  1 i ne  normal a t  P, = Y - Y1  = M (X - X I )  
P2 t he  i n t e r s e c t i o n  o f  t he  normal l i n e  w i t h  the  t h e o r e t i c a l  s u r f a c e , i s  found 
by sirnul taneous s o l u t i o n  o f  the  equations o f  t h e  e l  1 ipse (2) and the 1 ine (3). 
Th is  y i e l d s  X = 40.99g1 and Y = 23.13". 
Using the equat ion o f  d is tance between two p o i n t s  
we have D = . O I 7 '  
a d i f f e r e n c e  from the  measured d is tance,  .020", of o n l y  .00311. 
Fig. 46 
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